ABSTRACT Background: Overeating as a pathogenetic hallmark of obesity may be promoted by an increase in hedonic hunger, ie, the drive to eat palatable foods in the absence of energy need. Gastric bypass surgery, which effectively reduces severe obesity, might also affect hedonic hunger. Objective: The objective was to assess hedonic hunger in severely obese patients with and without a history of gastric bypass surgery. Design: Severely obese patients who had not undergone gastric bypass surgery (n = 123), gastric bypass patients (n = 136), and nonobese control subjects (n = 110) were examined with the Power of Food Scale (PFS)-a questionnaire that reliably measures an individual's motivation to consume highly palatable foods. Results: Compared with nonobese control subjects, severely obese patients achieved markedly higher aggregated PFS scores and subdomain scores related to generally available as well as physically present foods (all P , 0.001). On the aggregated score as well in those 2 subdomains, gastric bypass patients scored significantly lower than did non-gastric bypass obese patients (all P , 0.001) and did not differ significantly from the nonobese control group (P . 0.2). In contrast, in the PFS domain concerning food tasted, gastric bypass patients had significantly lower scores than did the nonobese control subjects (P = 0.04) and the severely obese patients (P = 0.008), both of whom did not differ significantly in this measure (P = 0.90). Conclusion: In comparison with nonobese control subjects, severely obese patients display a marked increase in hedonic hunger that is not observed in patients who have undergone gastric bypass surgery, suggesting that the operation normalizes excessive appetite for palatable foods, which may be an important pathophysiologic feature of severe obesity.
INTRODUCTION
The regulation of hunger and food intake relies on a neuroendocrine network integrating central nervous pathways with signals from the periphery (1) . In particular, intestinal hormones such as glucagon-like peptide 1 (GLP-1), peptide YY (PYY), and ghrelin act on hypothalamic pathways regulating energy homeostasis and eating behavior either via direct effects on central nervous structures or via neuronal afferences of the vagal nerve (2, 3) . Because of the complex and highly integrated nature of this network, disturbances in the control of food intake and body weight are difficult to improve. Currently, an ever-growing number of severely obese patients (4) are effectively treated with bariatric surgery, particularly gastric bypass surgery (5) , which induces malabsorptive effects and reductions in actual food intake (6) . However, in addition to the restrictive component, the procedure may also curb food intake by dampening feelings of hunger (7, 8) . This is suggested by observations of enhanced release of the satiating hormones GLP-1 and PYY after the operation (9) . Also, circulating concentrations of the hungerpromoting hormone ghrelin have been found to be reduced after the operation in some (10) (11) (12) but not in all (13, 14) studies.
Overeating as a crucial factor in the pathogenesis of obesity may not only result from increased hunger per se. The experience of pleasure that is associated with the consumption of highly palatable foods as well as imaginative craving for such foods in the absence of current energy needs and of food stimuli, ie, a motivational factor that has recently been referred to as "hedonic hunger" (15) , may be an even more important trigger of overeating. By way of conditioning, the reward-related dopamine release in mesolimbic brain structures caused by the ingestion of highly palatable foods can also be elicited by cues that predict food availability in the absence of actual food stimuli (16) . Remarkably, the density of dopamine type 2 (D2) receptors in mesolimbic brain areas has been found to be markedly reduced in severely obese patients (17)-a pathophysiologic process that is characteristic of addictive behavior (18) . Empirical data on hedonic hunger in the obese are scarce (15) , which raises the question of whether these neurobiological alterations are paralleled by changes in hedonic eating motives. How gastric bypass surgery in obese patients affects the hedonic drive to eat has also not yet been explored.
Reliable assessments of hedonic hunger can be achieved by means of the Power of Food Scale (PFS), a recently developed and validated questionnaire that measures an individual's hedonic appetite for highly palatable foods but not the actual consumption of such foods (19, 20) . Using this measure, we tested the hypothesis that severely obese patients, in comparison with nonobese subjects, have an increased level of hedonic hunger. We also hypothesized that hedonic hunger is reduced in severely obese patients who have undergone gastric bypass surgery.
SUBJECTS AND METHODS
Three groups of subjects participated in the study: 110 nonobese control subjects [body mass index (BMI; in kg/m 2 ) of 18-27] recruited from the local community, 123 severely obese subjects (BMI . 35) who attended our Interdisciplinary Obesity Center (IOC) for evaluation for bariatric surgery, and 136 patients who had undergone gastric bypass surgery (for details, see below) 1 y before participation and were taking part in a structured IOC follow-up program. Subjects taking drugs known to strongly affect eating behavior, such as psychotropic drugs, were excluded from the study. Written informed consent was obtained from all subjects, and the study protocol was approved by the cantonal ethic committee of St Gallen (Switzerland). Data were collected between September 2007 and September 2009.
Gastric bypass procedures
Of the 136 gastric bypass patients, 33 had undergone a standard proximal gastric bypass operation, whereas the remaining 103 patients had undergone a distal gastric bypass operation. In both the proximal and distal gastric bypass procedure, the largest part of the stomach was transected, thereby creating a small gastric pouch of 20 mL, which was anastomized to the proximal jejunum. The diameter of this pouch-jejunal anastomosis was standardized to 10 mm. In the proximal gastric bypass procedure, the biliopancreatic limb (duodenum and upper part of the proximal jejunum) was side-to-side anatomized to the jejunum 150 cm distal from the pouch-jejunal anastomosis, thereby creating a Roux-en-Y or alimentary limb. In the distal gastric bypass procedure, the biliopancreatic limb was side-to-side anatomized to the ileum 60-100 cm proximal from the Bauhin's valve, thereby establishing a rather short common channel. The length to the biliopancreatic limb, as measured from the ligament of Treitz, was '60 cm in the proximal and 60-100 cm in the distal gastric bypass procedure. Thus, our distal gastric bypass, in contrast with traditional biliopancreatic diversion procedures, holds a very long alimentary limb. The main difference between the 2 gastric bypass procedures is that the distal version induces stronger malabsorption, particularly of nutritional fats, whereas the restrictive component of both procedures is comparable.
Body weight
Body height and weight were measured in all subjects while they were wearing light clothes but no shoes. 
Power of Food Scale
All subjects completed the German version of the PFS generously provided to us by the developers of the questionnaire (Michael Lowe, Department of Psychology, Drexel University, Philadelphia, PA) during a visit at our ICO. The PFS was designed to measure appetite for rather than consumption of palatable foods and thus does not include any items describing actual food consumption. It comprises 15 items reflecting the responsiveness to the food environment grouped into 3 domains according to food proximity: 1) food readily available in the environment but not physically present ("food available"), 2) food present but not tasted ("food present"), and 3) food when first tasted but not consumed ("food tasted"). Examples of the 3 domains are, respectively, as follows: "I find myself thinking about food even when I'm not physically hungry"; "If I see or smell a food I like, I get a powerful urge to have some"; and "When I eat delicious food I focus a lot on how good it tastes." For each item, subjects had to score their reactions on a 5-level scale: 1 = I don't agree at all, 2 = I agree a little, 3 = I agree somewhat, 4 = I agree, and 5 = I strongly agree. Thus, the scores on each subdomain indicate hedonic hunger motivation at different levels of food availability, ie, ranging from implicitly knowing that food is generally available to the first tasting of food, but excluding actual food consumption. The mean of the items comprising each of the 3 domain scores was calculated to obtain an aggregated score. Although correlations between the 3 domains have been found to be generally high (all r . 0.77), thus supporting the use of an aggregated domain score, the 3-domain model has been found to be superior to the one domain model (19) . The PFS displays high reliability, with corrected item-total correlation coefficients ranging from 0.50 to 0.73. Chronbach's a is 0.91, and the 4-mo test-retest reliability coefficient is r = 0.77. Translation of the PFS into German was performed by native speakers of German fluent in English (PharmaQuest Ltd, Banbury, Oxon, United Kingdom) and included linguistic validation by 2 forward and 2 back translations, review by the creators, and pilot testing in 5 lay people.
Structured interview in gastric bypass patients
In a subsample of 58 gastric bypass patients, we performed a structured clinical interview focusing on eating-related symptoms during a regular follow-up outpatient visit. In particular, patients rated their hunger/appetite as a trait on a 5-point scale (from 0 to 4). Postprandial pain and feelings of early fullness after starting to eat were assessed and categorized as "never," "sometimes," or "always." Vomiting, symptoms of "early dumping," such as crampy abdominal pain, bloating, and diarrhea as well as postprandial hypoglycemia-related symptoms (eg, sweating, shivering, and hunger) as indicators of "late dumping" were also assessed and categorized as "never," "seldom," "sometimes," "frequently," or "always occurring."
Statistical analyses
Data were analyzed by using SPSS 12.0 for Windows (SPSS Inc, Chicago, IL). Unless otherwise indicated, data are reported as means 6 SDs. Differences across groups were assessed with univariate analysis of variance for continuous variables or with chi-square tests for discrete variables. For pairwise comparisons post hoc Tukey tests and chi-square tests were used as appropriate. Associations between PFS scores and the characteristics of subjects were evaluated with Pearson's correlation coefficients and partial correlation analyses. A P value ,0.05 was considered significant.
RESULTS

Characteristics of subjects
Characteristics of the subjects are presented in Table 1 . By selection, the obese subjects had a higher BMI than did the nonobese participants and the gastric bypass patients (P , 0.001 for both comparisons). As a result of surgery, the gastric bypass patients had lost an average of 48.2 6 14.1 kg (ie, 37.1 6 7.8% of their initial body weight), corresponding to an average BMI reduction of 17.5 6 4.7, but still had a higher BMI at the time of participation than did the nonobese control subjects (29.5 6 4.7 compared with 22.4 6 2.1; P , 0.001). Their mean preoperative BMI had been higher than that of the current obese group (47.0 6 5.7 compared with 45.1 6 6.3; P = 0.013). Sex and age did not differ significantly between groups (P = 0.48 and P = 0.47, respectively).
Group differences in PFS scores
Marked differences between the 3 study groups in all domains as well as in the aggregated domain score were indicated by analysis of variance models comprising all groups (all P , 0.006). Obese subjects had a markedly higher aggregated PFS domain score than did the nonobese patients (2.8 6 0.9 compared with 2.3 6 0.7; P , 0.001, Figure 1) . The gastric bypass patients had a significantly lower aggregated score (2.2 6 0.7) than did the non-gastric bypass obese patients (P , 0.001) and did not differ from the nonobese control subjects (P = 0.40).
Separate analyses of the domain scores "food available" and "food present" showed a similar pattern, ie, obese patients had significantly higher scores than did the nonobese group (2.6 6 1.0 compared with 1.9 6 0.8 and 3.0 6 1.0 compared with 2.3 6 0.9, respectively; both P , 0.001) and the gastric bypass group (2.0 6 0.7 and 2.1 6 0.9; both P , 0.001). Compared with the nonobese control group, gastric bypass patients had comparable values on the "food available" (P = 0.80) and the "food present" domain (P = 0.20). The "food tasted" score did not differ between obese and nonobese subjects (3.0 6 1.0 and 2.9 6 0.9; P = 0.90), but was lower in the gastric bypass patients than in the non-gastric bypass obese patients (2.6 6 0.9; P = 0.008) and the nonobese control subjects (P = 0.04). None of the PFS scores differed significantly between men and women in any of the 3 groups (all P . 0.09). In the gastric bypass patients, there were no differences between patients who had undergone proximal as compared with distal gastric bypass operations (all P . 0.41).
Correlational analyses
Results of correlational analyses between PFS scores and subject characteristics are summarized in Table 2 . Correlations between the 3 PFS domain scores and current BMI, as well as age, did not reach significance in any of the 3 subject groups (all P . 0.06). In the gastric bypass patients, the domain scores "food available" and "food present" were inversely correlated with %EBL (both P = 0.044). PFS scores (domains and aggregated) were not significantly related to the time elapsed since the gastric bypass operation, which was also the case after adjustment for %weight loss, %EWL, or %EBL (all r , 0.07, P .
0.48).
Postoperational eating-related symptoms in a subgroup of gastric bypass patients
The subgroup of gastric bypass patients who participated in the structured interview did not differ significantly in age (42.9 6 10.9 compared with 40.2 6 10.4 y; P = 0.15), sex (71.9% compared with 75.6% women; P = 0.63), initial BMI (47.2 6 5.9 compared with 46.8 6 5.7; P = 0.67), and current BMI (29.9 6 4.6 compared with 29.2 6 4.8; P = 0.45) from the remaining gastric bypass patients. Average time elapsed since the operation tended to be slightly shorter in the interviewed than in the noninterviewed patients (19.4 6 12.7 compared with 24.9 6 19.8 mo; P = 0.07). The "food available" (2.0 6 0.7 compared with 2.0 6 0.7; P = 0.96), "food present" (2.1 6 0.9 compared with 2.1 6 0.9; P = 0.80), and "food tasted" (2.5 6 1.0 compared with 2.2 6 0.7; P = 0.14) scores as well as the aggregated domain score (2.2 6 0.7 compared with 2.2 6 0.7; P = 0.56) did not differ between the interviewed and noninterviewed patients.
Neither hunger nor appetite ratings assessed in the structured interview correlated with any of the PFS scores (all r , 0.11, P . 0.4). As shown in Table 3 , "early dumping" was the only symptom significantly related to PFS scores. Patients who never experienced early dumping symptoms had the highest scores on the "food present" (P = 0.043) and the "food tasted" (P = 0.017) domains.
DISCUSSION
Compared with nonobese subjects, severely obese patients have a greater drive to consume hedonically salient and palatable foods, as evidenced by means of the PFS that comprises 15 items reflecting the responsiveness to the food environment. This increase in hedonic hunger particularly pertains to PFS domains that concern generally available and acutely present foods, whereas the taste component is not affected. Patients after gastric bypass surgery have distinctly lower values in all PFS scores as compared with the non-gastric bypass obese patients and have values that are comparable to or even lower than those obtained in nonobese controls, even though most of these patients at the time of the study were still overweight or obese.
The PFS, which measures the hedonic appetitive drive to eat, does not permit any conclusion on actual food intake. PFS validation studies (19, 20) showed modest correlations (approximately 20.16) between PFS subdomains and cognitive restraint assessed with the Three Factor Eating Questionnaire (TFEQ) (22) and with self-reported restraint (r = 0.30) measured with the Restraint Scale (23) . Subdomain scores as well as the aggregated domain score of the PFS significantly correlated with uncontrolled eating and emotional eating in the revised TFEQ, but with correlation coefficients not exceeding 0.70 (20) . Multivariate regression analyses (19) showed the aggregated PFS score to be a significant predictor of disinhibition and hunger on the TFEQ and of emotional eating and external eating on the Dutch Eating Behavior Questionnaire (24) after control for self-reported restraint. These results suggest that the subscales of the PFS, TFEQ, and DEBQ, although associated with each other, measure distinct aspects of eating behavior. Against this background, it will be most interesting to see how PFS scores relate to other measures of eating behavior in severely obese and in postgastric bypass patients. Our findings of enhanced aggregated and subdomain PFS scores in severely obese patients as compared with healthy control subjects corroborate and extend previous observations of a positive relation between BMI and PFS scores (20) , which indicates that hedonic eating motives are markedly enhanced in these patients and may be a critical factor in the pathogenesis of severe obesity. Interestingly, the increase in hedonic hunger motivation concerns thoughts of consuming available and present foods but not the respective taste component, although our obese patients had BMIs twice as high as those of the control subjects. This pattern supports the notion that obesity is associated with an increased drive to eat rather than with enhanced feelings of pleasure while eating (25) . According to Berridge (26) , food reward can be dissociated into 2 distinct components: "liking," which reflects the experience of pleasure while eating, and "wanting," which reflects appetite/incentive motivation. At a neurobiological level, the 2 processes rely on different neurotransmitter systems. Processes of "liking" are assumed to be mediated by opioidergic and GABAergic pathways, whereas "wanting" depends on mesolimbic dopaminergic transmission.
Although the concept of hedonic hunger as assessed by means of the PFS incorporates both processes (15) , the observed pattern of changes in PFS subdomain scores speaks for enhanced "wanting" but unaltered "liking" in severe obesity. This interpretation is in line with the assumption that food wanting but not food liking differentiates obese and normal-weight individuals (25) and also fits well with the low D2 receptor density in reward circuits of obese subjects (17) .
Given the cross-sectional nature of our study, it remains to be seen whether gastric bypass surgery in fact normalizes hedonic hunger in individual obese subjects. However, because our nongastric bypass obese patients were being evaluated for bariatric surgery at our department, it is reasonable to assume that their hedonic drive for palatable foods was generally comparable with that displayed preoperatively by our gastric bypass patients. It also cannot be ruled out that the motivated and help-seeking patients in our study, who were recruited at a highly specialized medical center (IOC), may deviate from severely obese subjects in the general population. Nonetheless, the major finding of a lower hedonic hunger motivation in the gastric bypass patients than in the non-gastric bypass obese patients was clearly not affected by this potential selection bias.
The mechanism behind the reduction in hedonic hunger associated with gastric bypass surgery could not be derived from our data. Gastric bypass surgery has repeatedly been shown to enhance the secretion of gastrointestinal satiety hormones (9) , which directly or indirectly act on hypothalamic structures crucially involved in the homeostatic regulation of eating behavior (27) . Increasing evidence suggests that neuronal circuits of homeostatic hunger regulation are highly interlinked with circuits that control nonhomeostatic aspects of eating behavior, such as food reward (28, 29) . Gastrointestinal hormones influencing hypothalamic and higher brain structures to reduce hedonic appetite could thus account for our findings. In line with this assumption, intravenous infusion of the gastrointestinal hormone PYY modulates the response of corticolimbic and higher cortical brain areas to visual stimulation with food pictures (30) , and a recent study has provided evidence that D2 receptor density in reward-processing brain areas rapidly increases after gastric bypass surgery (31) . Gastric bypass surgery may also reduce hedonic hunger via learning processes. After the operation, the consumption of highly rewarding foods such as chocolate can provoke dumping syndrome-like adverse reactions such as abdominal pain, dizziness, or nausea that may strongly reduce the rewarding value of such foods and even result in avoidance behavior. Supporting this view, we found a significant association between reduced scores on the "food present" and "food tasted" domains and early dumping symptoms in a subsample of gastric bypass patients. Fittingly, intake of palatable foods such as chocolate, cakes, biscuits, and cookies was previously shown to be markedly lower in gastric bypass patients than in non-gastric bypass severely obese patients (32) . Alternatively, such changes in food preferences may derive from alterations in taste perception after gastric bypass surgery (33)-a notion supported by the lower hedonic drive for food actually tasted that was observed in our gastric bypass patients as compared with the obese and nonobese subjects. In principle, reduced hedonic hunger could also be a consequence of generally decreased postoperation food consumption associated with a diminished reinforcing effect of food. Importantly, however, hedonic hunger was not related to general hunger motivation in a subgroup of our gastric bypass patients, which indicated that changes in PFS scores do not merely mirror alterations in global hunger motivation. Thus, our results put an intriguing new complexion on previous findings of reduced hunger feelings (7, 8) and decreased food intake (34) after gastric bypass surgery that is also associated with reduced disinhibition and increased dietary restraint (7, 8, 35) .
The "food available" and "food present" domain scores of the gastric bypass patients correlated inversely and significantly, albeit mildly, with the relative %EBL, which indicate that those patients with the lowest scores had experienced the greatest reduction in body weight. This result of our cross-sectional study clearly calls for longitudinal follow-up experiments to explore whether changes in hedonic hunger depend on or even determine the loss of body weight due to gastric bypass surgery. Also, future studies should test whether changes in binge-eating behavior that were not examined in our study contribute to the reduction in hedonic hunger associated with gastric bypass surgery.
In conclusion, our results indicate that the hedonic appetite for palatable foods is markedly enhanced in severely obese subjects as compared with nonobese subjects, but that this enhancement is not found in patients who have undergone gastric bypass surgery. Investigating the gut-brain axis mechanisms that mediate the relation between successful weight loss due to gastric bypass surgery and the reduction in experienced food reward may lead to new perspectives concerning more effective and nonsurgical therapies for severe obesity.
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